1. retro-Retinyl acetate was shown to exert its biological activity by conversion into vitamin A. 2. When administered orally, retro-retinyl acetate was hydrolysed to retro-retinol in the intestine, isomerized to retinol and esterified before being transported to the liver for storage. 3. Administration of the compound at as high a dose as 40mg./day for 4 days led to the accumulation of both vitamin A and retrovitamin A in the liver. The amount of retro-vitamin A in liver gradually decreased until it was almost completely converted into vitamin A in 18 days. 4. Intraperitoneal administration of the compound led to the accumulation of both vitamin A and retro-vitamin A in liver and other tissues. No vitamin A was detected in any tissue of rats receiving retro-retinyl acetate intraperitoneally after enterectomy. 5. The small intestine is the major site of conversion ofretro-vitamin A into vitamin A. The conversion could also be demonstrated by everted intestinal sacs. 6. The biological potency of retro-retinyl acetate determined by the rat-growth assay was 20-5% that of all-trans-retinyl acetate, when given orally.
A number of derivatives of vitamin A having the retro structure are present in fish-liver oils and pharmaceuticals (Balasundaram, Bamji, Cama, Sundaresan & Varma, 1958; Varma, Erdody & Murray, 1965a) . Anhydrovitamin A (Ama. at 350, 370 and 390m,u) was biologically 0.4% as active as vitamin A in the rat-growth assay (Shantz, Cawley & Embree, 1943) and was converted into rehydrovitamin A in rat and stored in the liver (Shantz, 1950) . Similarly, anhydrovitamin A2 when given to rats was deposited in the liver as rehydrovitamin A2 (Bamji, Cama & Sundaresan, 1962) . Rehydrovitamin A was recently shown to be a mixture of several compounds, some of which possessed one or two hydroxyl groups (Varma, Erdody & Murray, 1965b) . Unlike rehydrovitamin A, the chemically synthesized retro-retinyl acetate (Beutel, Hinkley & Pollack, 1955) , when given orally in high doses, gave rise to vitamin A and retro-vitamin A in the livers of vitamin A-deficient rats (Varma & Murray, 1963) . Varma et al. (1965a) suggested that the major site of conversion of retro-vitamin A into vitamin A is the gastrointestinal tract, since there was little or no conversion of the derivative into vitamin A when administered subcutaneously.
The metabolism of retro-vitamin A both in vivo and in vitro and its biological assay, by the ratgrowth assay method, are described in the present paper.
MATERIALS AND METHODS
retro-Retinyl acetate was prepared by treating synthetic all-trans-retinyl acetate with aqueous HBr as described by Beutel et al. (1955) . retro-Retinol was prepared by alkaline hydrolysis of the acetate by using ethanolic 10% (w/v) KOH. It was chromatographed on 8%-(v/w)-waterdeactivated neutral alumina ; retro-retinol was eluted with 8% (v/v) diethyl ether in light petroleum (b.p. 40-60°). retro-Retinyl palmitate was prepared from synthetic retinyl palmitate according to the procedure of Beutel et al. (1955) . The E1l%°values of these retro-vitamin A compounds in the ultraviolet region as well as by the Carr-Price colour test agreed with those already reported (Beutel et al. 1955; Varma et al. 1965a ). Though retro-vitamin A and rehydrovitamin A had similar ultraviolet spectroscopic properties, they have been shown to be distinctly different from one another by various criteria (Varma et al. 1965b weighing 120-150g. were starved for 24hr. and killed by a blow on the head. The middle one-third portion of the intestine was washed twice with ice-cold 0.9% NaCl, everted as described by Wilson & Wiseman (1954) and filled with 5-Oml. of the Krebs-Ringer phosphate buffer, pH7-4. The everted sac was put in 20ml. of the same buffer containing 5-0mg. of sodium taurocholate and 500,ug. of GSH.
The compound under study was dissolved in ethanol and dispersed in sodium phosphate buffer by using Tween 20.
For experiments with intestinal homogenates, the whole intestine was homogenized in ice-cold 0-1M-sodium phosphate buffer, pH7-2 (lOml. of buffer being used/g. of tissue). Similarly, vitamin A-deficient rat liver, after thorough washing with ice-cold 0-9% NaCl, was homogenized in icecold 0-1M-sodiun phosphate buffer, pH7-2 (lOml. of buffer being used/g. oftissue).
Preparation of tie8ue extracts. The procedure followed for extraction oftissues was essentially the same as described by Glover, Goodwin & Morton (1948) .
Separation of retro-retinol and retro-retinyl palmitate from the corresponding vitamin A compounds by thin-layer chromatography (John, Lakshmanan, Jungalwala & Cama, 1965 at 620m,u for vitamin A and 3910 at 575m,t for retrovitamin A. However, when these two compounds were present together, the extinction of the mixture at 325m,t was measured and the relative amounts of the two were calculated from the standard graph similar to the one employed by Varma & Murray (1963) showing the composition of vitamin A against E325/E347 for mixtures of vitamin A and retro-vitamin A of known compositions.
For bioassay and metabolic studies, male albino rats of this Institute strain, made deficient in vitamin A, were used .
RESULTS

Oral admininwtration
Four vitamin A-deficient rats were given retroretinyl acetate orally for 7 days (1-Omg./rat/day). The average weight gain of the rats during this period was 12g. They were killed 24hr. after the last dose and the various tissues pooled and analysed. All the tissues, except stomach, showed the presence of vitamin A (Table 1 as by the oxidation of the alcohol to retinal by manganese dioxide.
To investigate the active absorption of retroretinyl acetate and its probable site of conversion into vitamin A, time-distribution studies were carried out with vitamin A-deficient rats. Vitamin A was detected in the liver as early as 1 hr. after administration and was also present in trace amounts in the intestine. A considerable amount of vitamin A was found in the liver up to 24hr. No retro-vitamin A was detected in liver at any time after the administration of the compound (Table 2) .
However, Varma et al. (1965a) detected small amounts of retro-vitamin A in liver of rats that were given 4-0mg. of retro-retinyl acetate/rat/day for 3 days. Hence, to study the metabolic fate of retrovitamin A after reaching the liver, high doses of retro-retinyl acetate (4-Omg./rat/day for 4 days) were administered to vitamin A-deficient rats. The animals were killed at various time-intervals after being starved for the previous 24hr. The blood and livers were analysed for vitamin A and retrovitamin A. No retro-vitamin A was detected in the blood. The lipid extract from each liver was chromatographed on a column (2 cm. x 25 cm.) of 25g. of 7%-(v/w)-water-deactivated alumina. The mixture of esters of vitamin A and retro-vitamin A was eluted with light petroleum (b.p. 40-60°), whereas that ofthe alcohols was eluted with 10-15% (v/v) diethyl ether in light petroleum and estimated as described in the Materials and Methods section. The amount of retro-vitamin A in liver continuously decreased until it reached a negligible concentration after 18 days. Meanwhile, the amount of vitamin A in the liver was maintained at a fairly constant level throughout this period (Table 3) .
The ratio of retro-retinol to retro-retinyl ester found in liver was comparatively higher than that of retinol to retinyl ester. This may well be because of Biochem. 1967, 103 Vol. 103 z H the need of preferential utilization of retinol from liver for metabolic needs of the animal. The retroretinyl ester found in liver seems to be mainly the palmitate, as shown by its identical behaviour with synthetic retro-retinyl palmitate on thin-layer and reverse-phase chromatography systems (John et al. 1965; Jungalwala & Cama, 1962) .
Intraintestinal administration
The experiment was performed as described by Lakshmanan et al. (1965) . A 2-0mg. sample of retro-retinyl acetate was administered to a vitamin A-deficient rat and the animal was killed 3ihr. later.
The lipid extracts from both liver and intestine showed the presence of vitamin A.
Parenteral admini8tration
Four vitamin A-deficient rats were given retroretinyl acetate intraperitoneally (l-Omg./rat/day) for 7 days; the average weight gain of these rats during the period was 12g. They were killed 24hr. after the last dose and both vitamin A and retrovitamin A were detected in most of the tissues (Table 1) . Enterectomy A vitamin A-deficient rat was kept under light ether anaesthesia and the intestine was removed as described by Lakshmanan et al. (1965) . Then 2-0mg. of retro-retinyl acetate was injected intraperitoneally, and the rat was returned to the cage and killed 8hr. later. The lipid extract from liver contained retro-retinyl acetate and retro-retinol; however, vitamin A was not detectable. About 4-0% of the administered dose was present in liver.
Lungs, spleen and kidneys showed the presence of traces of retro-vitamin A. However, no vitamin A was detectable anywhere in the body.
Subcutaneows administration
Two vitamin A-deficient rats were each given 2-0mg. of retro-retinyl acetate subcutaneously. The rats were relieved of all the symptoms of vitamin A deficiency within a day or two and gained on an average about 20g. in weight in 3 weeks, after which they were killed. Analyses of the livers and the subcutaneous tissue at the site of injection failed to show the presence of vitamin A or retro-vitamin A, which confirms the observations of Varma et al. (1965a) .
Conversion of retro-vitamin A into vitamin A in vitro
Experiments with everted intestinal sac. The experiment was conducted as described in the Materials and Methods section. Either 100,ug. of retro-retinol or retro-retinyl acetate was added to the buffer medium containing the everted intestinal sac and kept in a metabolic shaker at 370 for 2hr. The sacs from four reaction flasks were washed with ethanol and the serosal fluid and intestinal wall analysed. The lipid extract from serosal fluid showed the typical spectrum of vitamin A and exhibited the characteristic fluorescence of vitamin A. It gave two spots on thin-layer and reversephase chromatography corresponding to retinol and retinyl higher fatty acid ester. Another spot corresponding to unchanged retro-retinyl acetate was also observed when retro-retinyl acetate was used as the substrate. Both vitamin A and retrovitamin A were present in the lipid extract from the intestinal wall. In general, the extent of conversion of retro-vitamin A into vitamin A was very low in all these experiments, namely 4-6% when retro-retinol was the substrate and 0.5-1.0% when retro-retinyl acetate was the substrate.
Experiment8 with inte8tinal homogenate. A sample (I00,g.) of retro-retinyl acetate was incubated with the rat-intestinal homogenate for 1 hr. at 37°. The lipid extract from the reaction mixture showed spots corresponding to both retinol and retinyl higher fatty acid ester in addition to retro-retinol and unchanged retro-retinyl acteate on thin-layer chromatography; however, they could not be characterized conclusively.
Hydrolysi8 of retro-retinyl acetate by rat-liver homogenate. A sample (100,ug.) of retro-retinyl acetate was incubated with rat-liver homogenate for lhr. at 37°. Anaylsis of the lipid extract from the reaction flask by thin-layer chromatography showed the presence of only retro-retinol.
Biological potency of retro-retinyl acetate. The bioassay was carried out essentially as described by Bliss & Gyorgy (1951) . The growth rates (g./week) over 4 weeks of individual litter mates receiving daily oral doses of 2-5 and 5-0,ug. of retro-retinyl acetate and 0-5 and 1-O,ug. doses of all-tran8-retinyl acetate were measured. All the negative controls lost considerable weight and most of them died before the end of the assay. The mean weekly gain in weight plotted against the logarithm of dose gave lines for the standard and test doses that were parallel to each other. The biopotency of retroretinyl acetate as compared with that of all-tran8-retinyl acetate was 20-5%. DISCUSSION retro-Vitamin A has been shown to be isomerized to vitamin A in the rat. When administered orally to vitamin A-deficient rats at -Omg. dosage (Table  1) , it was stored in the liver only in the form of vitamin A and no trace of retro-vitamin A was detectable. At the same time, all the rats were alleviated of their vitamin A-deficiency symptoms and grew well. This implies that unlike retinoic acid or the epoxides of vitamin A, which exert their biological activities as such and not through vitamin A (Van Dorp & Arens, 1946; Lakshmanan et al. 1965) , retro-vitamin A exerts its biological activity after its conversion into vitamin A.
The presence of large amounts of retro-vitamin A and vitamin A in the intestine even 12hr. after administration (Table 2) shows that the absorption of retro-vitamin A is a comparatively slower process than those for retinal, 5,6-monoepoxyretinal and 3-dehydroretinal (Glover et al. 1948; Lakshmanan et al. 1965; John, Lakshmanan & Cama, 1966) , and the subsequent isomerization of retro-retinol to retinol may also be a slow process.
When retro-retinyl acetate is administered intraperitoneally, it is taken up directly by various tissues and then probably undergoes isomerization in the intestine (Table 1) . Thus it is easy to explain the presence of both retro-vitamin A and vitamin A in liver and other tissues. However, when the compound is administered intraperitoneally after enterectomy, no vitamin A is detected anywhere in the body in spite of the fact that retro-vitamin A is taken up by all these tissues; thus the intestine is the main site for the conversion of retro-vitamin A into vitamin A.
When retro-retinyl acetate is administered by the oral route at a concentration of 4.Omg./rat/day, it escapes isomerization and can be detected in the liver as the palmitate or similar higher fatty acid ester (Table 3) . Consequently, there seems to be a requirement of optimum concentration of retrovitamin A beyond which the intestine loses its efficiency of isomerizing retro-retinol to retinol. At the same time, the fact that not even a trace of retroretinyl acetate could be detected in the liver even at such a high dosage of oral administration (Table 3) , as well as the presence of high amounts of retroretinol in the intestinal wall ( Table 2 ), indicates that retro-retinyl acetate is probably hydrolysed first to its alcohol form before being isomerized to retinol (Table 3) . This is further supported by our observation in the everted-sac experiments that retroretinol serves as a better precursor than retroretinyl acetate for the formation of vitamin A. The retinol and the unisomerized retro-retinol may then be esterified, transported and stored in the liver, thus accounting for the presence of both retinyl palmitate and retro-retinyl palmitate in the liver. Table 3 shows that retro-vitamin A which has reached the liver is slowly and irreversibly converted into vitamin A. Such a conversion is probably brought about by enterohepatic circulation of the compound to the intestine, where it undergoes isomerization to vitamin A. It may well be that, as the metabolic needs of the animal are drained away from the liver vitamin A, more of the retrovitamin A is converted into vitamin A in the body, thus maintaining the liver retinyl palmitate at a somewhat constant concentration until all the liver retro-vitamin A is converted into vitamin A. However, the utilization of vitamin A from the liver is much more than could be accounted for by the metabolic needs of the animal (Table 3) .
The biological potency of retro-retinyl acetate measured by the vaginal-smear assay method was 12% that of retinol when given orally and 11% by the liver-storage method, whereas when injected subcutaneously the activity was 4% that of retinol (Varmna et al. 1965a ). However, the biological potency of retro-retinyl acetate, determined by the rat-growth assay in the present investigations, was comparatively higher than the values obtained by the other methods. In addition, the biological potency of retro-retinyl acetate was greater than that observed for rehydrovitamin A by the ratgrowth assay (Shantz, 1950) .
The mechanism of conversion of retro-vitamin A into vitamin A is not known. Varma et al. (1965b) have shown that hydroxylation mechanisms are involved in the utilization of anhydrovitamin A by vitamin A-deficient rats. On the basis of our observation that both in absorption as well as in evertedintestinal-sac studies the rate of conversion of retrovitamin A into vitamin A is extremely slow, it is likely that the reaction may involve a series of hydroxylation and dehydration steps, resulting in the ultimate formation of the vitamin A molecule.
